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aBstraCt
BaCKground: The aim of the study was to evaluate the bacterial flora and antibiotic susceptibility profile of bac-
terial isolates taken from the conjunctival sacs of patients undergoing phacoemulsification cataract surgery, and to 
compare them. 
Material and Methods: In total, 200 conjunctival swabs were collected from 50 patients between June and 
December of 2017.
results: The most common pathogen collected from the conjunctival sacs before surgery was coagulase-negative 
staphylococci (CoNS) (65% of swabs); 45 of them (45%) were methicillin-sensitive staphylococci (MS-CoNS) and 
25 (25%) were methicillin-resistant staphylococcus (MR-CoNS). Following the surgeries, CoNS were collected from 
34 swabs (34%), 16% of which were taken from the eye on which the operation had been performed. Twenty-three 
swabs (23%) were MS-CoNS and 11 (11%) were MR-CoNS. The number of CoNS-positive swabs after phar-
macotherapy decreased by 52%. The possibility of obtaining sterile swabs was statistically and significantly higher 
in eyes in which chemoprophylaxis was used [(OR = 4.58, 95% CI: 2.91–7.21), p < 0.001)]. The possibility of 
obtaining sterile swabs was not correlated with gender (p = 0.866) or diabetes (p = 0.712), but was observed more 
frequently in younger patients (p = 0.001). Multi-drug resistant bacteria were detected in 34 swabs before surgery 
(34%) and in 26 samples after operations (26%). 
ConClusion: It is probably impossible to sterilise the conjunctival sac. There is a risk of multi-drug resistant bac-
terial flora colonising the conjunctival sac.
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introduCtion
Endophthalmitis is rare, but it is one of the most 
devastating complications following cataract surgery, 
with a recorded frequency of 0.087% in 1990 and 
0.265% after 2000 [1]. It can have heterogeneous 
etiologies and variable clinical manifestations, with 
a high risk of blindness, irreversible changes in the 
anatomy of the eye or even the loss of the eyeball. It 
is known that post-cataract endophthalmitis is caused 
by bacteria being transferred into the eyeball from 
the conjunctival sac, the eyelids, the eyelashes or 
the periorbital skin [2]. All these areas are colonised 
physiologically by bacteria. During operation, they 
are transferred to the normally sterile anterior cham-
ber, which can be a risk factor for endophthalmitis 
[3]. The aim of this study was to describe the micro-
biological profile of the conjunctival sac before and 
after cataract surgery and to assess how perioperative 
prophylaxis affects changes in the bacterial flora. 
Material and Methods
From June to December 2017, 200 conjunctival 
swabs were collected from 50 patients undergoing 
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phacoemulsification cataract surgery. Four swabs 
were obtained from each patient. The first two swabs 
from each eye were collected on admission to the 
hospital before any eye-drops were administered. 
The second two samples were taken from each eye 
20 minutes after the cataract surgery. Each patient 
received either four drops of topical 0.3% ofloxacin 
every 15 minutes one hour before surgery in the 
eye to be operated upon, or two drops of antibiotic 
on the day of admission and another two drops 
the next day, 30 and 15 minutes before surgery, 
respectively. Concomitant medications to the oper-
ated eye contained one drop of 1% tropicamide, 
one drop of 10% phenylephrine and one drop of 
diclofenac. Routine prophylaxis in the operating 
theatre included a 5% povidone-iodine solution for 
surface disinfection of the eyelids and skin around 
the orbit, 5% povidone-iodine for three minutes 
administered to the conjunctival sac before opera-
tion, and intracameral injection of 1 mg 0.1 mL 
cefuroxime at the end of the procedure. On the 
day of admission, one drop of 1% tropicamide was 
administered to the eye that was not to be operated 
upon as part of the routine examination. The exclu-
sion criteria included topical and systemic antibiotic 
therapy one month prior to the surgery, glaucoma 
that was being treated with eye-drops, keratocon-
junctivitis sicca, and orbital or ocular inflammation 
one month prior to the surgery. The same examiner 
collected all the samples in this study, thus ensuring 
that the collecting procedure was consistent for all 
the samples taken. All the tests were analysed in the 
same microbiological laboratory. All the patients 
signed an informed consent form approved by the 
local ethics committee.
results
Forty-nine patients were included in the study. 
Thirty one were female (61.0%) and 19 were 
male (38.0%). The mean age of the patients was 
71.81 (SD = 8.86 years). The female group was 
statistically significantly older than was the male 
group. The mean age of the female group was 
73.91 (SD = 7.69), while it was 68.05 (± 9.76) for 
the male group (p = 0.031). Thirty per cent of the 
patients were diabetic. Twenty-seven patients (19 fe-
males and eight males) operation to the left eye, 
and 22 patients (12 females and 10 males) to the 
right eye, (p = 0.389). Two hundred conjunctival 
swabs were collected. Sterile samples were collected 
from 14 eyes (14%) prior to the operations. Fol-
lowing the surgeries, sterile samples were obtained 
from 26 (52.0%) that had been operated upon 
and from 20 (40%) that had not. The possibility 
of obtaining sterile swabs was statistically signifi-
cantly higher for eyes in which chemoprophylaxis 
had been used (OR = 4.58, 95% CI: 2.91–7.21; 
p < 0.001). A multifactor analysis with repeatable 
measurements showed that the possibility of ob-
taining sterile swabs was not correlated with gen-
der (p = 0.866) or diabetes (p = 0.712), but was 
observed statistically more frequently in younger 
patients (p = 0.001). No patient developed endoph-
thalmitis after surgery (Tab. 1, Fig. 1).
table 1. descriptive characteristics of the study cohort 
(n = 49) 
trait statistics
sex
Females, n (%)
Males, n (%)
31 (62.0)
19 (38,0)
age (years)
overall, mean (SD)
Females, mean (SD)
Males, mean (SD)
71.81 (8.86)
73.91 (7.69)
68.05 (9.76)
diabetes mellitus, n (%) 15 (30.0)
eye operated
left, n (%)
right, n (%)
28 (56.0)
22 (44.0)
14.3%
18.2%
42.9%
63.6%
0%
10%
20%
30%
40%
50%
60%
70%
Left eye operated 
(p < 0.001)
Right eye operated 
(p < 0.001)
Before surgery After surgery
Figure 1. Sterility of conjunctival sac before and after cataract 
surgery in the examined patient who had undergone chemopro-
phylaxis by operated eye (p < 0.001)
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Prior to the operations, CoNS were cultured 
from 65 samples (65% of the swabs collected before 
the surgeries). Of them, 45 (45%) were methicil-
lin-sensitive (MS-CoNS) and 25 (25%) were methi-
cillin-resistant Staphylococci (MR-CoNS). After the 
surgeries, CoNS were obtained from 16 eyes that 
had been operated upon (16%) and from 18 (18%) 
that had not. Twenty-three (23%) were MS-CoNS 
and 11 (11%) were MR-CoNS. The number of 
CoNS-positive swabs after pharmacotherapy de-
creased by 52%. Staphylococcus aureus was cultured 
from 13 (13%) swabs obtained prior to the op-
erations (five from the eyes that would be operated 
upon and eight from the eyes that would not) and 
in nine (9%) samples following the surgeries. Three 
(3%) positive samples were obtained from eyes that 
had received operations. Other pathogens cultivated 
before the surgeries included Proteus mirabilis from 
four (4%) swabs and Escherichia coli from one swab 
(1%). After the operations, Proteus mirabilis was 
cultured from three (3%) samples and Enterococcus 
faecalis from one (1%) sample taken from the eyes 
that had been operated upon. Proteus mirabilis was 
cultured from one (1%) swab, Klebsiella spp. from 
one (1%) swab, and Enterobacter cloacae from one 
(1%) swab taken from the eyes that had not been 
operated upon. The patient with Klebsiella spp. was 
hospitalised for one day prior to the surgery, and 
the patient with Enterobacter cloacae was operated 
upon on the day of admission. Multi-drug resist-
ant bacterial flora was detected in 34 (34%) of the 
swabs taken before the surgeries, and in 26 (26%) of 
the swabs taken following the operations from both 
the eyes that had been operated upon and those that 
had not. Multi-drug resistant CoNS were detected 
in 18 (18%) swabs.  Amongst the diabetic patients, 
the bacterial flora contained CoNS in 23 swabs 
(47% of the samples from the diabetic patients 
versus 53% from the non-diabetic patients), Staphy-
lococcus aureus in eight swabs (16% versus 8%) and 
Escherichia coli in one swab taken from a diabetic 
patient (Fig.2).
Sensitivity testing was performed for all the 
swabs. Prior to the surgeries, bacteria sensitive 
to all antibiotics were collected from 35 swabs 
(35% samples taken before the operations); resist-
ance to erythromycin was detected in 28 (28%) 
swabs, to cloxacillin in 21 (21%), to tobramycin 
in 19 (19%), to gentamicin in 12 (12%), to tet-
racycline in 12 (12%), to ciprofloxacin in seven 
(7%), to levofloxacin in six (6%), to moxifloxacin 
in four (4%), and to ofloxacin in seven (7%) 
swabs. After the operations, bacteria sensitive to 
all antibiotics were collected from 23 eyes (23%). 
Resistance to tobramycin was found in 20 swabs 
(20%), to erythromycin in 16 (16%), to cloxa-
cylin in 15 (15%), to gentamicin in 13 (13%), 
to ciprofloxacin in nine (9%), to tetracycline in 
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Figure 2. percentage of bacteria cultured from the operated eye before and after cataract surgery. Mr-CoNS — methicillin-resistant 
coagulase negative Staphylococci; MS-CoNS — methicillin-sensitive coagulase negative Staphylococci
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eight (8%), to levofloxacin in seven (7%), to ami-
kacin in six (6%), to ofloxacin in six (6%), and 
to moxifloxacin in four (4%) swabs. The number 
of bacteria resistant to gentamicin, tobramycin, 
ciprofloxacin and levofloxacin increased after 
the operations (12% vs. 13%, 19% vs. 20%, 7% 
vs. 9%, and 6% vs. 7%, respectively). The number 
of bacteria resistant to moxifloxacin was the same 
before and after the operations. A lower number of 
pathogens resistant to erythromycin, cloxacilline 
and tetracycline was observed. Multi-drug resistant 
bacteria were detected in 34 (34%) swabs prior to 
the surgeries and in 26 (26%) of the samples after 
the operations (Fig. 3).
disCussion
In our study, the possibility of obtaining ster-
ile swabs was statistically significantly higher from 
eyes in which chemoprophylaxis had been used. 
The possibility of obtaining sterile swabs was not 
linked to gender or diabetes, but was observed more 
frequently in younger patients. The most common 
bacterium collected from the conjunctival sacs be-
fore and after the operations was CoNS (65% be-
fore the operation versus 34% after the surgery). 
The other pathogens were Staphylococcus aureus, Pro-
teus mirabilis, Escherichia coli, Enterococcus faecalis, 
Klebsiella spp., and Enterobacter cloacae. The profiles 
of the collected microorganisms changed after the 
operations, which also led to changes in the anti-
biograms, with higher antibiotic resistance following 
the operations. Multi-drug resistant bacteria were 
detected in 34 (34%) swabs before surgery and in 
26 (26%) samples after operation. Gram-positive 
CoNS (particularly Staphylococcus epidermidis) were 
the most common bacterial flora isolated from eyes 
with post-cataract endophthalmitis [4, 5]. The EVS 
study showed that the percentage of Gram-positive 
coagulase-negative bacteria isolated from postopera-
tive endophthalmitis was 46.9% [6]. In our study, 
the most frequently isolated microorganism taken 
from the conjunctival sac before and after cataract 
surgery was coagulase-negative staphylococcus. This 
type of bacteria occurs naturally in the conjuncti-
val sac and on the surrounding skin and lashes [5] 
and does not cause infection in these areas. Other 
Gram-positive microorganisms isolated from the 
conjunctiva constituted 15% [6]. In our study, they 
were collected from 13 (13%) swabs prior to the 
operations and from nine (9%) swabs after the sur-
geries. The frequency of isolated microorganisms in 
our analysis is comparable to the frequency of patho-
gens isolated from eyes after endophthalmitis [6]. 
Hori et al. [7] noted the appearance of multi-drug 
resistant CoNS in conjunctival swabs taken prior to 
surgery. In our study, these pathogens were found in 
a high percentage of swabs taken both before (34% 
samples) and after surgery (26%). This is potentially 
a serious problem because most of the antibiotics 
used in ophthalmology are useless in the treatment 
of infections based on this aetiology. Moreover, peri-
operative antibiotherapy is a potential risk factor for 
increased antibiotic resistance [8].
Figure 3. Bacteria susceptibility before and after the operation
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A correlation between diabetes mellitus and 
a greater risk of positive conjunctival swabs was con-
firmed in previous studies [9, 10]. An increased prev-
alence of specific conjunctival bacterial flora, such as 
Staphylococcus aureus, Enterococci and Klebsiella spp., 
was also observed in diabetic patients. A greater inci-
dence of positive cultured swabs was not confirmed 
in our study; however, the diabetic patients’ bacterial 
flora contained CoNS in 23 swabs (47% of the sam-
ples taken from diabetic patients), Staphylococcus au-
reus in swabs (16%) and Escherichia coli in one swab. 
The ages and genders of the patients were identified 
as risk factors contributing to the cultured swabs that 
were positive in the previous studies [11, 12], but 
only younger patients had a lower risk of positive 
swabs taken from the conjunctiva in our study. 
The intracameral concentration of topical preop-
erative antibiotics is too low to decrease the number 
of the most common microorganisms [13], and the 
ability of the most common conjunctival bacteria to 
form a biofilm [14] can reduce the effectiveness of 
perioperative antibiotherapy significantly. 
In our study, sterile swabs were collected from 19% 
of the eyes before and 47% of the eyes after the opera-
tions. This does not necessarily imply sterility in those 
eyes. No treatment was administered and the patients 
did not receive any eye-drops in 19% of the sterile 
swabs that were collected before the operations. Con-
sidering the types of bacteria, some of the positive 
swabs that were taken after the operations could have 
been contaminated by the surrounding skin during 
the collection of the samples and could have been the 
result of the patient having poor hygiene.
Although a limitation of this study was the small 
sample size, the sample size is comparable to sample 
sizes in previous publications [7, 9–12]. 
ConClusion
Perioperative chemotherapy changes the profile 
of conjunctival bacteria and their susceptibility to 
antibiotics. Chemoprophylaxis increases the pos-
sibility of obtaining sterile swabs after an operation, 
but it also changes the profile of the bacteria in 
the conjunctival sac. It is probably impossible to 
sterilise the conjunctival sac. There is a risk that the 
conjunctival sac will be colonised by multi-drug 
resistant bacterial flora.  
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